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BepositHocTHBIN aHanu3 omacHocth ADC Hamen MIMPOKOE IMPUMEHEHHWE B TEOPUU U
npakTuke obOecrneuenus Oe3omacHoctn ADC [1-4]. Ha ero ocHoBe 3alloKeHBI TpeOOBaHUS K
BEPOATHOCTH J0MycTUMOTro pucka oT ADC B HOPMATHUBHO-TEXHUYECKUX JOKyMeHTax [5-7].
OHaKko, HECMOTPSI Ha JKECTOKYIO KPUTHKY [8,9], METO10JI0TMUECKIE OTPAaHUYECHHS 3TOT0 aHalu3a U
€ro MecTo B Teopuu ympabieHus Oe3omacHocTbio ADC He paccMoTpeHbl. PaccMoTpum 3Tu
OTPAaHUYEHUSI COTJIACHO CIIEIYIOIIMM OCHOBHBIM MOJIOKEHHUSIM TEOPUU ONTHUMAIBHOTO YIPaBICHUS
oe3omacHocThi0o ADC [10-18].

1. YnpaBnenue 0e30MacCHOCTBIO HE SIBJISETCSI CaMOCTOSITEIbHOM MPpoOsieMoil. DKOHOMUYECKU
OHa CBsi3aHAa C NPoOJIEMON MakCUMHU3alMK MPUOBUIM W pellaeTcss ¢ IOMOIIbI0 HayKOEeMKOH
TEXHOJIOTUM  ONTHUMAJBHOTO  ympaBieHuss  Oe3omacHocThio. Heobxomumo  oOocHOBaHME
JOTyCTUMOTO, TPHUEMJIEMOT0 3HAu€HHUs IIOKa3aTeNlss pHCKAa MO0 KPUTEPUI0 HKOHOMUYECKOM
3G (HEeKTUBHOCTH MyTEM MHUHHUMHU3AIMU 3aTpaT M ONTHMAIBHOTO HX IepepaclpereicHus] MEexIy
TEXHOJOTHSMHU TPEAYNpEeKIeHUsT aBapuil (OTKa30B) M YCTpaHEHHUS MX IOCIEACTBUNA Ha OCHOBE
MHOTOKpPHUTEpUAIbLHON ontuMu3anuu [13,16].

2. B oTaenbHOCTH HU OJIHA TEOPHUSI HE B COCTOSHUU O0ECMEYUTh ONTHUMAJIbHOE YIIpaBJICHHUE.
Cy1ecTByrolye TEOpHUM aHajdu3a pHucka (0e30macHOCTH) M HAASKHOCTU JoKalmbHBE. Kaxmas
JIOKaJlbHas TeOpUsl HUMeEEeT HEeU30eKHble METOJ0JIOTMYECKUe OTpaHHuYEHUsT U METOJUYECKHe
MOTPEIIHOCTH, YCTPAaHUTh KOTOPHIE MOXHO TOJBKO IIyT€M CHHTE3a C JPYIMMH Ha OCHOBE
cucteMHOM Teopuu. Teopuss onTuManabHOro YympaBieHus OezonacHocThio ADC  sBisgercs
CHUCTEMHOW: OHa CIYXWUT JUId YIpaBieHHs O€30MacHOCTbIO BO B3aUMOCBS3HM C JIOKAIbHBIMU
TEOpUSMU TYTEM HUX CTPYKTypHOTO CHHTE3a B OOIIMI aJIrOpuUTM ONTUMAIBHOIO YIIPaBICHUS
oe3omacHocThio [10-13].

3. OnrumansHoe ympasieHue Oe3zonacHocThio ADC TpeOyeT yuera B3aUMOCBS3U
JIETEPMUHUCTUYECKUX M CTOXACTHUYECKHX 3aKOHOMEPHOCTEW TIOSBIICHUS aBapHil, a Takxke
YHUKaJIbHBIX aBapuid. JleTepMUHHCTHYECKHE 3aKOHBI OIpPEAeNsioT CBOilcTBa O00bekTa, a
CTOXAaCTHUYECKUE - CBOMCTBA COBOKYITHOCTH OOBEKTOB B YCIOBHUSX CTATHUCTHYECKOW YCTOHYMBOCTHU
(mpu  TOCTOSIHHOW 4acToTe CcoObITHiA). [loTeHIMambHO OMAcHBII OOBEKT CTATUCTUYECKH
HeycToluMBasl cucrema. VIHIMBUOyanbHOE YNpPAaBICHUE MM BCErJa CBSI3aHO C PEryJMPOBAHUEM
COCTOSIHUSI KOHKPETHOTO OOBEKTa B KOHKPETHBIX YCJOBHSX COIJIACHO JE€TEPMUHHCTUYECKUM
3akoHaM. [loaToMy HeNb3sl MCHOJIB30BaTh BEPOSATHOCTHHIN aHanu3 O€30MacHOCTH B KayecTBE
OCHOBOIIOJIATAIOIIETO B TEOpUH yripaBieHus [15].

4. OnTtuManbHOEe yHpaBieHHE O€30MacCHOCTBIO COCTOUT B COYETAHUUM TEXHOJIOTMH
MpeIyNnpeKACHNS aBapUU U YCTPAHEHHUS €€ MOCieCTBUM. TexHomorus ycTpaHeHus MocieCTBUI
€CThb yINpaBlIeHHE IO KpuTepuio aBapuu. OHa HU3KOAOCTOBepHas M Mayod(ddexkTuBHas H3-3a
JUCKPETHOTO TMPHUHIMIIA YIpaBiIeHUA. TEXHOJOTHS MPeNOTBPALEHUS aBapUH CIYXXHUT JUIS
ynpaBieHusi 6e30MacHOCTBIO B Ipezenax oOpaTuMbIX mporeccoB GpyHkunonuposanus ADC (1o
HacTymieHus aBapun). OHa Haubonee 3¢ dexTrBHa, KOTAa yIpaBlIeHUE BEJETCS M0 aHAJIOrOBOM
BEITMYMHE U OCHOBAHO HAa (PU3MYECKUX W MHPOPMAIIMOHHBIX MOJEISIX O0BEKTa B COYETAHUU C
MOJIETISIMU CBSI3M OOBEKTA C TEXHOJIOTMSIMH YIIPABJICHUS MO COCTOSIHUIO B IMpejesax 00paTUMBIX
nporeccoB ero (pyHKIHoHupoBanus [15,17].

5. ABapuu, rpo3siue dKOJIOrMYECKUMHU KaTacTpopamu, SBISIOTCS YHUKaIbHBIMU. [l HUX
HENIb3sl  ONpENeNUTh JETePMUHUCTHMUYECKHE WJIM CTOXaCTUYECKHE 3aKOHOMEPHOCTH (M,
CJIEIOBATENbHO, MPUMEHUTh TEOPUIO BEPOSTHOCTH M3-3a OTCYTCTBUS 4acTOThl aBapuii). K HuUM
OTHOCATCS aBapHM C IUJIaBJIIEHMEM AaKTUBHOM 30HBI M BBIOPOCOM OOJBIIOIO KOJUYECTBA
paavoakTUBHBIX BemlecTB. OLEHKOH CBepXy pHCKa TaKWX aBapuil SBISIETCS BEPOSTHOCTH
MOTPEIIHOCTH  TEXHOJOTMYECKOr0 Tpolecca MNPEeAyNpekKIEeHUs aBapuM, a ONTUMaJIbHOE
yIpaBJIEHWE COCTOMT B MHUHUMHU3ALMKA CYMMapHBIX 3aTpaT IyTeM ONTHMAJIbHOTO HX



NepepacupesielieHuss MeXAy TEXHOJOTHUAMU NPEayNpexaeHUs aBapud U YCTpaHEHUs ee
nocneacTeuii [16].

6. M3-3a crnoxxHOCTH MpoOJeMbl ONTHUMAJIBHOTO YyIpaBieHus Oe3zonacHocTeio ADC u
CBA3aHHOTO C STHUM ydYacTheM OOJbIIOr0 KOJUYECTBAa PA3HOIIAHOBBIX CHEIMATMCTOB MHOTHE
3aJlaud YIpaBICHHUS PacCMAaTPUBAIOTCS CAMOCTOSTENHFHO 0€3 HaAyYHOH YBSI3KU C pelIeHUEeM APYTUX
3a1a4. BerencTBue 3TOro mpakTHYeCKH MOJHOCTBIO OTCYTCTBYET 0OOCHOBaHHE KOHOMHUYECKOU U
TEXHUYECKOH 3()()EeKTUBHOCTH TPUHUMAEMBIX PEIIEHHH, YTO MPHUBOAUT K OTPOMHBIM IOTEPSIM.
HeoOxonuma ~ HaykoeMKasi ~ KOMIIBIOTEpHAsi ~ TEXHOJIOTHA  ONTHMAJIBHOTO  YIpPaBIICHUS
0e30macHOCThI0, 00eCTIeUunBAaIOIIas COUeTaHNE YKOHOMHUECKOW U TeXHUYeCKo# 3¢ddekTuBHOCTH C
MO3UIIMA MaKCUMHU3AIUU TpuObLTH [12-16].

7. Teopus ONTUMAJBHOTO YNpPAaBICHUS OE30MAaCHOCTbIO IIOCTPOEHA HA COYETAHUU
JETEPMUHUCTUYECKOTO U CTOXAaCTHUECKOT0 MOJIX0I0B KaK B3aMMHO JOTMOJIHAIOMUX IpyT Apyra [10-
18]. CormacHo el KaXIblii 3JIEMEHT CTPYKTYphl XapaKTepU3yeTCsl BXOAHBIMHU M BBIXOJHBIMU
nHGOPMaIllMOHHBIMU TIepeMeHHbIMHU. MHopmarronHas nepeMeHHas Q; ecThb KOHTpoIupyemas,
u3MepsieMasi, JTUarHocTUpyeMas, BbIUMCIIeMas, TpaHCIMpyemasl, IpeodpasyeMas MO 3aJaHHOMY
3aKOHY WJIM PeryJiupyemMas BeTUYMHA, IPSIMO WM KOCBEHHO CBSI3aHHAS C OMPEIETICHUEM COCTOSHUS
U YIpaBICHUEM COCTOSIHMEM o00bekTa (dneMmeHTta). [{ns onumcaHus o0beKTa ¢ cHCTEMaMu
YOpaBlIEeHUS. M 3alIUThl HEOOXOJUMO UCMOJIb30BaTh MpeacTaBieHus 00 HH(POPMAIMOHHOM
NEPEMEHHON KaK O MHOXECTBE--COOBITHH MOTOKa MH(OPMAIH, U3MEPSIEMOM C MOMOIIBIO MEPHI
(BEepOSTHOCTH AJIs CAy4YallHBIX WJIM MHTETPANbHOTO Beca I JEeTePMUHUPOBAHHBIX MEPEMEHHBIX).
Bce coOpiTust paccMaTpuBarOTCs Kak MOJMHOXKECTBA OJTHOTO M TOTO K€ MHOXKECTBA, B YaCTHOCTHU
MPOCTpaHCTBA AIeMeHTapHbIX coObITHH [10,11]. OHM MOTYT paccMaTpUBaThCs KakK CIydailHbIC WIIH
JETEPMUHUCTUYECKHE B 3aBUCUMOCTH OT TOrO, KakM€ II€PEMEHHBbIE MCIOIb3YIOTCS IS
ompeneneHuss 3Tux coObiTuid. [lpm anamm3e OezomacHocTH ADC COOBITHE BXOJHOTO TIOTOKA
uHpopMaluu 0;' ompenenser Maccy paJMOaKTUBHBIX BEUIECTB B PEAKTOpE JO aBapuH, a COOBITHE
BBIXOJIHOTO TOTOKa MH(pOpMalMu 0; - Maccy paaMOaKTHBHBIX BELIECTB, OCTaBIIMXCA B PEAKTOPE
nocye aBapuu. Torga coObiTHe BBIOPOCA PaAMOAKTUBHBIX BellecTB paBHO O = 0 — 0; . Kpome
COOBITHI TMOTOKOB HMH(OPMAIMK HCHOJIB3YeTCs MOHATHS COOBITHH pPabOTOCIIOCOOHOCTH €1

(oTkaza §r1) KaXJoro osyeMeHTa rl, ompenensiomiee YCIOBHS MPOXOXKAEHHUS (TOTEpb)

MH(POPMALIMU Yepe3 HEro M BhIpakaeMoe Yepe3 MHOXKECTBO 3HaUEHH mapaMeTpoB dj1eMeHTa rl.
B obmieM ciiyyae coObITHE BBIXOAHOrO IOTOKAa HH(popManuu O; paBHO OOBEIUHEHUIO
COOBITHSI COOCTBEHHOTO MMOTOKa MH(pOpManuu 9}14 COOBITHI MPOXOAINX Yepe3 pedpa ji moTokoB

undopmanun & O;i :
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BaxxHo OTMETUTB, UYTO BUJA COEAUHEHMSI D3JIEMEHTOB 110 HAJAEKHOCTH (0OE€30MacCHOCTH)
OTIpe/IeNIIeTCSl Uepe3 BHUJI CBSI3U COOBITUI MOTOKOB HH(OPMAIMK KaXXA0Tro deMeHTa. B pesynbrare
B TEOPHIO YIpaBlieHHsI O€30MacCHOCTHIO BBOJHMTCS BCE MHOr000pasWe COSIWHEHHH 3JIEMEHTOB,
BKJIIOYAsi COEUHEHHE IO CXEME CTOXaCTUYEeCKOW OOpaTHOM CBSI3M, YTO MO3BOJIIET OTOOPA3UTH
3aKOHBI CBS3M OOBEKTA M €0 CUCTEM YIPABJICHHUS B TEXHOJOTHH obecnieueHus: 6ezonacHoctu ADC.
CootBercTByIOIIasl CTPYKTypHash CXemMa peakTopa C CHCTeMaMH YIIPaBJICHUS YUYWUTHIBAET
3¢ (HEeKTUBHOCTL AIICTOHUPOBAaHHONW 3ammThl ADC W pasznuumMe BIMSHUNA KaXJIOTO DJIEMEHTa
peaktopa u cucteMm Ha Oe3omacHocTh ADC. M3 Teopuu cToXacTUYeCKOW OOpaTHOM CBS3H CIIEIyeT
OPUHIUI TpeoOpa3oBaHUsl HKOJIOTUYECKH OMACHOTO OOBEKTa B OJKOJIOTMYECKH O€30MacHYyIo
CHUCTEMY 3a CYET BBICOKOHA/IEKHOW M 0€30MMacHOM 3IIEeIOHUPOBAHHOMN 3alTUTHI, HOPMYIHPYEMBbIN
COTJIacHO clieytoie Teopeme [12].



Teopema. Ecnu cuctema, cocrosimas U3 oO0beKTa ji M 1enu oOpaTHOM CBS3M ij, MOXKET
(GYHKIIMOHUPOBATh B JIByX OOpa3yIOLIUX MOJHYIO FPYIIY COCTOSHUAX ()1 U ) Tak, 4TO COOBITHE
COOCTBEHHOTO BXOJHOTO MOTOKAa 0;' U COOBITHS Sji’sij’ onpeenstonre QyHKIMOHUPOBAHUE €€

KOMITOHEHTA Ji ¥ ij, YIOBJIETBOPSIOT YCIOBUSIM
sjiﬂ'i = lejiﬂi, ngij = u SjiEij =0,
TO BEPOSITHOCTH COOBITHS BEIXOJHOTO TOTOKA HH(GOPMAIIUU CUCTEMBI
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CormacHo (2) HaJEKHOCTh cHCTeMbl P MOXeT ObITh CYIIECTBEHHO TIIOBBIIICHA B
1/{1-P(g;j )P(e""ji )} pa3 3a cueT oOpaTHOM CcBA3M:
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Bripaxxenue (3) mo3BoiseT oeHUTh 3PPEKTUBHOCTD SETOHUPOBAHHOM 3amuThl ADC.
[Tpu gocTOBEpHOM COOBITHH BXOJHOTO TTOTOKA HH(OPMAIMH BEPOSATHOCTH COOBITHS BBIOpOCA
PaZOaKTUBHBIX BEIIECTB B OKPY KAIOIIYIO CPEIY
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[Tocnennee BbIpa)keHUE ONpeEAEseT BEPOSITHOCTh PUCKA aBapHUM OOBEKTa C CHCTEMOU
3amuThl OT aBapun. CyMMa BEpOsSTHOCTEN

P+ P(8p) =1 (6

Ha ocHOBaHMM NPUBEICHHOTO aHAJIN3a 3aMETHM, YTO BEPOSTHOCTHBIM aHAIU3 0€301MacHOCTH
HKOJIOTMYECKH OIACHBIX OOBEKTOB HE SBJSIETCS YHUBEPCAIbHBIM, €r0 CJIEAYyeT HCIIOJIb30BaTh B
TEOPHH yIPaBJICHUS 0€30MaCHOCTHIO C YUETOM MPUBEACHHBIX BBIIIE OrpaHudeHuil. OHOCTOpOHHEE
HCIIONIb30BaHUE TEOPUU BEPOSITHOCTEH KaK TEOPEeTHYECKOW OCHOBBI oOecrieueHus: 0e30MacHOCTH
NPUBOJUT K MPUHIMITAAIBHBIM HEJAOCTaTKaM, KOTOPhIE PACCMOTPHM Ha MpUMEpe aHajih3a METola
nepeBa coobiTuit [1-3].

JlepeBo COOBITHI TpencTaBisieT co00il JOTrHUecKuil MeTon mepedopa BCeX BO3MOXKHBIX
MOCJIeIOBATEILHOCTEH (ITyTeH) COYeTaHUI MCXOTHOTO COOBITHS C COOBITUAMH PAabOTOCTIOCOOHOCTH
M OTKa3a BIHSIOIIMX HA Pa3BUTHE aBapUM CHUCTEM, BHIOMPAEMBIX HCCIENOBATEIEM IO CBOEMY
ycMmoTpeHnto. OCHOBHBIE MOJIOKEHHSI METO/1a COCTOST:

e B BBIOOPE HCXOJHOTO COOBITHSI &, ,a4 TaKkKe COOBITHI pPabOTOCIOCOOHOCTH ak u

HepaboTOCIOCOOHOCTH 3k CHCTEM, C KOTOPBIMH MOTYT OBITh CBSI3aHBI CLICHAPUH aBapuil,

k=1,_n;

® B IIOCTPOCHUU ICpPEBa CO6BITPII>1, COCTOAIICTO U3 UCXOAHOI'O COOBITHS € KaK BXOAHOI'O M

A
nyTel (BETOK), ¢ KaXKJIbIM M3 KOTOPBIX CBSI3aHHO HECOBMECTHOE COOBITHE IIyTH Wy PaBHOE

NPOM3BEICHUIO HE3aBUCUMBIX &-COOBITHI cOOTBeTCTBYIOMMX cucteM (x =1,h, h=2"), u
B OIIPEJICIEHUH BEPOATHOCTH IyTH KaK IPOU3BECHUS BEPOSTHOCTEN €ro €-COOBITHI;
® B ONPEICIICHUU PUCKA BO3MOYKHOCTH aBapUM IIyTEM CYMMUPOBAHHS BEPOSTHOCTEH BCEX
coObITHI ITyTeH aepeBa.
[IpyHIMIIBI TTOCTPOEHMS JAepeBa COOBITUI OCHOBaHbI Ha (opManbHOM MaTeMaTHYecKOi

JIOTHKE Tepedopa BCeX BO3MOXKHBIX KOMOWMHAIMK  &-coObITHH cucteM. CoOBITHE BO3MOXKHBIX
aBapui
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elL
rae L={x} MHO>XeCcTBO aBapUMHBIX COCTOSAHHI cUCTEMbl. COOTBETCTBEHHO BEPOSITHOCTh pPHUCKA
aBapuu JUTsl HE3aBUCHMOTO UCXOHOTO COOBITHS
A A —
P =P(0 = P(w P(g ). 7
e =P D=1 T POV PGE,) ™
xel
Tak Kak COBOKYITHOCTh HECOBMECTHBIX COOBITHH Wy BCET/Ia 00pa3yeT MOJHYI TPYIITy
COOBITHII HE3aBUCUMO OT KOJIMYECTBA W THUIIOB BBIOPAHHBIX  CHCTeM (M, CIEIOBaTeIbHO,

HE3aBHCHUMO OT TJTyOHHBI 3aIUTHI !), TO BEPOSITHOCTH COBOKYITHOCTHU

2 P(w )=1 3)
xelL
[ToaTOMy BEpOSITHOCTh PHCKA aBapUH M3-3a OJTHOTO HCXOJTHOTO COOBITUS & N
A _pEA \_ prz
Ppnc = P(eBle) = P(aA) . )

Ob6mas (cymmapHasi) BEpOSITHOCTh PUCKa HM3-3a Bceil COBOKyMHOCTH H HMCXOMHBIX COOBITHI

{a A }, tie AeH, paBHa cymme BepositHocTe# (9):
'’ A -
P = X P( )= X P@GE,) . (10)
puc Ty BEX AcH A
O6benuaenne cobbrTuit ( J wo ) SABIISETCSI JOCTOBEPHBIM, TaK KaK COBOKYITHOCTH {Wy}
xeL

obOpasyet noJsHyto rpynmny coObiTuii. C y4eToM 3TOro COOBITHE BO3MOXKHBIX aBapuii 0 1?1, x (6) us-
3a OJIHOTO UCXOJHOTO COOBITUS € A PaBHO

—A o
OBLIX - (1)

A
Torga coObITHE pricKa aBapuu OBMX u3-3a Bcel coBokynmHocTd H={A} ucXxomaHbIX COOBITHIA

F3 aBHO
AP
= U = (12)
BbIX A
AeH
COOTBETCTBEHHO MTPOTUBOMOJIOKHBIE COOBITHE - COOBITHE OTCYTCTBHSI PUCKA aBAPHUH
= 1 ¢ (13)
BBIX A’
AeH
rIe €x — COObITHE, TMPOTHUBOIMOJOXKHOE CcoObITHIO €, . CoObiTHe Ogpx oOmpenenser

A

MOCJICIOBATEIbHOE COCTUHEHNUE JIEMEHTOB, C KOTOPBIMHU CBSI3aHBI COOBITHSI €4. JTO TOJOXKCHHE
COOTBETCTBYET KIIACCHYECKOW TEOPHH HAIEKHOCTH, COTIACHO KOTOPOH CTPYKTypa CHUCTEMBI 0e3
NyOJMPOBaHUS TEXHOJIOTHMYECKMX (DYHKIMH €CTh TOCIEI0BaTEIbHOE COCIUHEHHUE €€ JICMEHTOB.
CormacHO TakoW CTPYKType €€ HAJCKHOCTh C YYeTOM CHCTeM 3alllMThl HE TOBBIIIACTCS, a
nonmxkaercs. CienoBarelbHO, MOJETh O€30MacHOCTH, MOoJlydaemasi COTJIaCHO METOAY JepeBa
COOBITUH, TMPOTUBOPEUYUT OCHOBHOM KOHIENIMU obOecnieueHus Oe3zomacHocth ADC 3a cuer
DIIETIOHUPOBAHHOM 3aIIUTHI.

Mertox nepeBa cOOBITHI UMEET CIIEAYIONINE METOAOIOTUIECKIE OTPAHNICHUS:

1. TlpuHOMD mOCTpoeHUs nepeBa COOBITHI (Jajiee MPHHIUI) HAa OCHOBE JIOTMYECKOTO
nepedopa coOBITHIT PabOTOCTIOCOOHOCTH akH HEepaboTOCTIOCOOHOCTH EkCI/ICTeM, CBSI3aHHBIX CO

CIIeHapueM aBapHH, SBISETCS Cyry0o aOcTpakTHbIM. OH TPOTHUBOPEYHT CYTH 3aKOHOB CBS3H
00BEKTa U €r0 CHCTEM YIpaBJIeHUs B TEXHOJIOTUM obecrieueHus: 6ezomacHoctu ADC. [TosTomy Ha
€ro OCHOBE HENb3s TIOCTPOMTH MAaTEeMaTHUECKYI0 MOJEb, aJeKBaTHYI0 TEXHOJOTUH C
MHOT'OKOHTYPHBIMH LIETIIMU YIIPABJICHUS,



- HUCKJIIYAeT TEOPHI0 OOpaTHOM CBA3M U MOATOMY IOJHOCTHIO HE MPUrOJIEH KaK OCHOBA
TEOpHH yIpaBiieHus 6e3omacHocThi0o ADC;

- He TO03BOJseT c(OopMyIHMpOBaTH YCJIOBUS MPEeoOpa3oBaHUs HKOJOTUYECKH OIMACHOTO
o0BeKTa (peakTopa) B SKOJIOTHUECKH OE30MaCHYI0 CHUCTEMY 3a CUET JIIEJIOHHPOBAHHOM 3alllUTHI,
SIBJISIFOIIEHCST METOI0JIOTUUECKOM OCHOBOM TEXHOJIOTMH yTpaBiieHus 0e3onacHocteio ADC [6].

2. OreHka BEpOATHOCTH aBapUH MO KPUTEPUIO OTKA30B CUCTEM MO3BOJISET BIUATH TOJIBKO Ha
TEXHOJOTMI YCTpaHEHHUs NociHeACTBUM aBapuu. OHa HE YYMTHIBAET B3aWMOJAEWCTBHE 3TOU
TEXHOJOTHH C TEXHOJIOTHEW MpeAyNpeKIeHUs aBapuH, sBISIONIeics Hanboiee MepCreKTUBHON U
apdexTrBHON B obecneuenun Oe3omacHocTH ADC. IlosToMy 3TOT MeTOA HE MPHUTOACH IS
ONTUMU3AIMK yTpaBieHus O6e3omacHOCThi0O ADC, KOTOpoe MOXKHO 00€CIeYUTh TOJIBKO 3a CUET
ONTUMAIBHOTO B3aUMOJICHCTBUSI TEXHOJIOTHUU NIPEAYIIPEKICHUS aBaPUH C TEXHOJIOTHEN YCTpaHEHUS
ee nocneacTeuit [15-18].

3. Meron nepeBa COOBITUN HE NMPUTOJAEH JUISl ONPENEICHHS] ONTUMAJbHBIX TPEOOBAHUN K
HazexxHocTu cucteM ADC mpu 3aJaHHOM 3HAYEHUU BEPOSITHOCTH JOMYyCTUMOIO PUCKA aBapUU: TaK
KaK CTPYKTypa JepeBa COOBITHI CHMMETpHUYecKasi, TO ONTUMaJbHble TPEOOBaHUS K HAJEKHOCTH
BCEX CHCTEM OJIMHAKOBBI, HE3aBUCUMO OT BIIMSHHSA CHCTEM Ha TEXHOJOTHI0 OOecreueHus
oe3omacHoctu ADC [14].

4. BeposATHOCTHBIM aHAIM3 TaK Ha3bIBAEMBIX ‘‘MaJIOBEPOSITHBIX COOBITHH, KOTOpHIE
“HuKorna He HaOmomanuch’ [2], W CcOOBITHH (THUNA TIJIABICHHUS AKTHBHOW 30HBI) SIBJISICTCS
HEKOPPEKTHBIM, TaK KaK MPU OTCYTCTBUHU YACTOTHI MOSBICHUS COOBITHS B IPUHIIUIIE HE TPUMEHUMA
BeposTHOCTHasE Mepa [12]. OrpanuveHne aHanm3a OE30MACHOCTH HCKIIOYUTEIHLHO CIy4YailHBIMU
COOBITUSIMM M OTCYTCTBHE aHAIM3a ACTEPMUHUCTHUECKHUX, a TAKKE YHHUKAIbHBIX COOBITUH He
MO3BOJIET UCMOJIb30BaTh METOJ A€peBa COOBITUM 11 MMHUMM3ALMK yIIepOa OT TSKENbIX aBapuid
ADC [15-18].

5. IlpuBoaumelie B pacyeTax 3HAUYCHHUS BEPOATHOCTH aBapUU MOPSIKA 107-107 peaxkTop/Toj
[1-3,5-7] He uMeT MOoJ COO0OW MPAKTUYECKOTO CMBICIa M TEOPETUYECKH HEKOPpeKTHBL. OHHU
SBIISIIOTCS CJIEJICTBUEM OIIMOOYHOTO HCIIONH30BAHMS MOJETU HEOTPAaHMYECHHOW W HEMPEPHIBHOM
CIIy4allHOW BETWYHMHBI ISl anNpOKCHUMAIlMd KOHEYHOTO M JHCKPETHOTO BPEMEHH HACTYIUICHUS
aBapuu [15,17].

6. B menom maremarmyeckuil ammapaT, KaKk W IPHUHLMII MOCTPOCHUS JepeBa COOBITUI
MPOTUBOpEYAT TEXHOJIOTUN oOecrieueHus: 6e3onacHoctd ADC 3a cYeT DIIEeJTOHUPOBAHHON 3aIlUTHI,
SIBJISTFOIIICICS. OCHOBOIIOJIAraromei [6].

C nenbio WUTIOCTpAIMU BBIIIEU3TI0KEHHOTO PacCMOTPUM IpuMep KpymnHoi aBapuu ADC ¢
notepeir Teronocutens [1,2]. McxomueiM coObiTHEM A=ga SIBISETCS pa3pblB TpyOOMpoBoOja.
Co0bITust paboOTOCIIOCOOHOCTH CHUCTEM, C KOTOPHIMU BO3MOYKHO pa3BUTHE aBapuu, cienytomnue: B -
cucreMa siektposnepruu; C - cuctema aBapuiHOTO oxjaxjaeHus aktuBHou 30HbI (CAO3); D -
cucTeMa yJaneHus npoaykroB aeneHusi; E - cucrema 3ammtHON 000510uku. BeposTHOCTH 3THX
coObITHII 0003HaYat0TCs COOTBETCTBEHHO Pa, Pp, Pc, Pp, 1 Pk, a BEpOATHOCTH MPOTUBOIOIOKHBIX
cobpiThii (0TKa30B) - Ra, Rp, Rc, Rp 1 Rg. JlepeBo coObITHiA 1 3TOW aBapuu NMPHUBEIECHO HA
puc.la. KonuyecTBo myTteil aBapuu paBHO 2% =16. s JIOCTOBEPHOTO HCXOJHOTO COOBITHS A
COBOKYITHOCTh COOBITHH BceX 16 myTeii nepeBa puc.la oOpasyer moyHyro rpymmy. To e 3aMedanue
OTHOcUTCS U K puc.l O (Tae ycTpaHeHbl HEJIOTUYHBIE MTyTH JiepeBa la), Tak Kak nepeduparorcs Bce
MPAaKTUYECKU BO3MOKHbIE TyTH [2]. IloaTOMY BEpOSTHOCTH PHUCKa TSHKEJIOM aBapuu C IMOTepeu
TEIUIOHOCHUTENISI paBHA BEPOSATHOCTU UCXOAHOTO cOOBITUSI Ra=P(€a) (6). CnemoBaTenbHO, CUCTEMBI
samuthl (CAO3, cucteMbl yaajaeHusl MPOAYKTOB JEJEHUS U CUCTEMBI 3alIUTHON O00OJIOUKH) HUKAK
HE BIUSIOT Ha BEPOSTHOCTH pHcKa U Ha 3 pekTuBHOCTH 3amuThl ADC (!).

KoppekTHblil aHanu3 pa3aenbHOro BIMSHUSA OTKa3a Kax10il cuctembl Ha 6e3onmacHocTh ADC
(B oTiMuue OT METOja JiepeBa COOBITHI) BOBMOXKEH Ha OCHOBE TeopuH 4yBcTBHTEIbHOCTH [10].

AHanus BIMAHUS KaXZI0ro apryMcHTa Pi’ i=1,n NMPOU3BOAUTCA I10 JII/IHGI>'IHOMy YPaBHCHHUIO

OTHOCHUTENbHOM norpemHocT GpyHkiuu HaaexxHoctu P = f (P1,Pa,...,Pp):
oP=S,8P;+ S,6P; +...+Sn6Pn, (14)



7€ OTHOCHUTEJIbHBIE TTOTPEITHOCTH
8P=(P-P0)/P0 n 8Pi=(Pi-P10)/Pi0, i=1,Il (15)

HAXOASATCS Kak OTKJIOHEHUsS OT HEHYJEeBBIX 3HadeHWid aprymeHtoB Py u (QyHKIUM

Po=f P19,P205...,Pno). PyHKIIUN 4yBCTBUTEILHOCTH

Si=(AP / oP)(Pio/ Py), i=Ln. (16)

YpaBHEHHE OTHOCUTENBHOW morpemHocTd (14) mMO3BONIIET TOPO3HH OIEHUTH BKIIAJ
OTHOCHTENIbHOM TorpenrHocTu B 8P; kaxkaoro aprymenta P; pynkuuu P.

IIpu ananu3e  0€30MacHOCTH  pacyeTHOE  3HAYEHHE  BEPOATHOCTH  0E30MacHOro
dbyHkimonupoBanusi o0bekra P 6mu3ko k equauie. Hampumep, mo pekoMeHAausIM HOPMATHBHBIX
nOKyMeHTOB 3HaueHme P >1-107 [6.7]. Ilostomy MOxHO moN0XuTh OP ~1-P. 3HaucHus
BEPOATHOCTEH HAJEKHON paboThl djeMeHTOB P; 3HauuTenpbHO MeHbIne 3HaueHus P. Jlns
obopynoBanusi Hanboliee pealbHBIMU SIBISIOTCS 3HaueHus P; = 0,99. YuuteBas 510, 3ammiem
cBsA3b BeposTHocTell oTkazoB (1 - Pj) = R; ¢ 3HaueHuem BeposTHOCTH pHucka (1 - P) = Ppye B

CIICayromeM BUEC:
* *

% *
Pone SSIR TSRyt kS R, a7

*
IZIe U3 yCIIOBUSA Si Ri /Pi = Si Ri IpUBEJeHHAs (YHKIMS UyBCTBUTEIBHOCTH
* —
S. =S./P., i=1,n. (18)
i i i
*
Ananu3 ypaBHeHus norpemrHocTd (17) mo3BosisieT ydecTh BKIal Si Ri BEPOSITHOCTH OTKa3a

*
R; xaxpgoro i-ro sjiemMeHTa B BCPOATHOCTb OTKa3a CUCTCMBbI PpI/IC Hn COIIOCTaBUTh TEM CaMBbIM

BJIMAHUA OTKA30B 3JICMCHTOB Ha PUCK aBapUU CUCTCMEI. Ecnu momoxuthb BCPOATHOCTHU OTKA30B
9JICMCHTOB Pi PaBHBIMU APYI APYry, TO OLCHKY BJIHUAHHA JJICMCHTOB MOXXHO IIPOU3BOJUTH C

*
MOMOILBIO (DYHKIMHA 4yBCTBUTEILHOCTH Si .

Beipaxxenune (17) mo ¢opme coBmagaer ¢ HCHOIb3YEMbIM B METOJE JepeBa COOBITHH
cymmapHbIM puckoM (10). OxgHako 1o cyTH OHU UMEIOT NPUHIUIHAIBHBIE Pa3IUUHMsL.

Bo-nepBbix, BblpaxkeHue (10) mnosyyaeTcss CyMMHpPOBAaHHMEM BEpOSTHOCTEM MCXOIHBIX
coObITHI O€3 yueTa IeCTBUS AIIETOHUPOBAHHOMN 3aIUTHI.

Bo-BTOpBIX, HCXOAHBIE COOBITUS TMOJNArarOTCs HECOBMECTHBIMM, B pe3yJIbTaTe 4Yero Mpu
OO0JIBIIIOM X YHCIIEe BEPOSTHOCTH prcka (10) MokeT ObITh OOJIbIIE €AMHUIIBL.

B-tpetbux, corsnacHo BbIpaxkeHHI0 (10) Bce BEPOATHOCTH HCXOJHBIX COOBITHH OJAMHAKOBO
BIMSIOT HAa CYMMAapHBIH PHUCK, YTO HE IIO3BOJSIET ONTHUMH3HPOBATH COOTHOLICHHUS MEXKIY
TpeOOBaHUAMH K HAJIE)KHOCTU M CTOUMOCTH PEaKTOpa U €ro CUCTEM 3aLUTHI.

B nenom BelpakeHne cymmapHoro pucka (10) He mpUroiHo uisi ONTUMAJIBHOTO yIPaBICHUS
6e3onacHocTbio ADC.

PaccMoTpuM 3TOT mpumep C TMO3MIUK TeopwH ympaBieHUs OezonmacHocTeio [10-12].
O0603Ha4NUM: BEpOSITHOCTh 0€30TKa3HOCTH IEPBOT0 TEXHOJIOIMUYECKOro KoHTypa Pk, a BeposTHOCTB
otka3a Rk = Rs. BeposTHOCTE OTCYTCTBUS aBapuu AJisl IEPBOIO IIEIOHA 3aLUTHI (puc. 2a)

P31 = PK/ (I-PBP(;PDRK). (19)
BepOSITHOCTB PUCKaA aBapuu Il IEPBOTO SIICJIOHA 3allIUThI COTJIaCHO (17)
~ % % * *

R,, =2S; Ry +S R +S,, Ry +Sk, Ry 20)

rae S*- yyBCTBUTENBHOCTH COTJIACHO BbIpaxkeHUsM (16), (18) paBHbI
Si =P.P,R,/H;; S. =P,P,R,/H; H,=1-P,P.P,R,; o
S, =P,P.R,/H,;; S, =(1-P,P.P,)/H,P,.



BeposiTHOCTh OTCYTCTBHS aBapuu JIJIsl BTOPOTO SIIIETIOHA 3aIIUTHI (pHC. 20)

P32 = P31 / (I-PERgl). (22)
BeposiTHOCTB pucka aBapuH JUIsl BTOPOTO 3IIEJIOHA 3alUThI coriacHo (17)
~ % * * * *

R,, =S, R +S,R+S, Ry +S, R +SL R, 23)

rae S*- 4yBCTBUTENBHOCTH COTJIaCHO BbIpaxeHusM (16), (18) paBHbI:

% %
Sp =PcPyR¢ Ry /H H,;3 Sc, =PyPy R R /H H,; H, =1-P;R,; 24)
%* . %
Sp2 =PyPcRy Ry /H H,;j Sgx =Ry /Hy; Sk, =(1-PyP.P,)R; /H H,P,
BeposTHOCTH pricKa aBaprK MOYKHO BBIYUCIUTH IO IPYTUM OYCBHIHBIM (HOpMYyJIam:
R31=1-P>y, R =1-P», (25)

C yd4eroM TOTpemrHOCTEeH BBIYHUCICHUM HAWOOJIee TOYHBIMH SIBIISTIOTCS — CIIEAYIOIIUE
BbIpaxkenus [10]:

Rgl =Ry (1-PyP.P,)/H,, Rgz =R, R /H, (26)
OTHOCHUTEIIbHBIE TTOTPEITHOCTH BHIYUCIICHUIN PaBHBI:

0, =( R;l -R;, |)/R;19 27)
9, =(| R;l _§31 |)/Rg1a (28)
0, = Rgl -R,, |)/R;29 29
0, =( Rgz _ﬁ32 |)/R;2' (30)

*

K1 >>S’;(2. N3 nmpumepa

% %
UyBCTBUTEIHLHOCTH SKl " SK2 MEHBIIE €IUHUIBI, TPUYeM S

BUJHO KaK BJIMAIOT SUICJIOHBI 3allIUTHI HA BEPOATHOCTL pUCKaA.

3akiro4eHue

OneHuBasi METOJ epeBa COOBITHI 3aMETUM, YTO OH CHOCOOCTBYET CHCTEMaTU3allui 3HAHUN
CHEIHMAIMCTOB pa3paboTuukoB mo obecreyeHuto OezomacHocTd ADC Ha HKCIEPTHON OCHOBE.
OnHako OH UMEEeT CYLIECTBEHHbIE METOJUYECKHE IMOIPEUIHOCTH, KOTOpbIE HE IO3BOJISIOT
MCIIONIb30BATh €r0 JJIs OILIEHKH PUCKA TSDKEJION YHHUKAbHOM aBapuu THUMA TJIABICHUS aKTHBHOU
30Hbl. COINAacHO »HKCIUTYyaTallMOHHBIM JaHHBIM UM TEOPETHYECKOMY aHaJIW3y OTU aBapHUu
cratTucTU4ecku Heyctonuusbie [15,17]. ITonmydeHHBIM BBIBOJ MMEET MPUHIUMIIUAIBHOE 3HAYEHUE -
UCKJIIOYAaeTCs 3aKOHOMEPHOCTD IMOSIBICHUS TSHKEJION aBapuu, YTO OTKPBIBAET MYTh K YCTPAaHEHUIO
BO3MO)XHOCTH TPAKTUYECKOTO MOSIBICHUS TsKeNnbIX aBapuil. COTjJacHO 3TOMY BBIBOAY CIIETYET
UCKJIIOYUTh HMEIOIUECS B HOPMAaTUBHO-TEXHUYECKON JOKyMEHTAllMM HOPMbI Ha BEPOSTHOCTH
aBapuM C BBIOPOCOM pAJMOAKTHUBHBIX OTXOJOB Kak MPOTHUBOpEYAllde OCHOBHOW KOHIICTIIUU
obecrieueHnss 0O€30MACHOCTH 3a CYET OIICJIOHMPOBAHHOW 3amUThl [5,7], TOCKONBKY TpH
BEPOATHOCTHON THUIOTE3€ aBapUU OHA HEU30eKHA BHE 3aBUCHUMOCTH OT KOJMYECTBA SIIETOHOB
3amuThl [15,17].

OntuManeHOEe ynpaBieHue Oe3zomacHOCThIO ADC 3a cueT TTyOOKOAIIETIOHUPOBAHHOM
3aIIUThI BIIEPBbIe 00OCHOBAHO B CTPYKTYPHON TEOPHH, KOTOpAs JOMOIHIET YKCIEPTHBIN aHAIHU3 U
BMECTE C HUM M03BoJIgeT o0ecneunTh 3¢(HEeKTUBHOCTE yrpaBieHus 6ezonacHoctbio ADC [10-18].
C nmo3unMii ONTUMANBHOTO YIpaBieHHs O€30MaCHOCTBIO C YYETOM IMPEINOoJOXKEeHUH 00
YHUKaJIbHBIX aBapusX ClelyeT MHUHMMHM3UpPOBATH 3aTpaThl Ha YIMpaBieHHE Oe30MacHOCThIO U
ONTUMU3HUPOBATH MX TNEPEPACTPECICHUE MEXKIYy TEXHOJOTHEH TMpeaynpekKIeHUus aBapuu Hu
TEXHOJIOTHEHN ycTpaHeHHus ee mocyenctBuid [16]. Ilpu sToM BeposTHBIE 3aTpaThl Ha TEXHOJOTHIO
YCTpaHEHUsl IMOCIEACTBUI YHUKAJIBHOM aBapuu ONPENENAIOTCS CBEPXY YEpPE3 BEPOATHOCTH
MOTPEIIHOCTH TEXHOJOTUHU MpeaynpexaeHus: aBapuu. OmnpeneneHue 3TOH BEPOSITHOCTH Tpedyer
pa3paboTku (U3HUECKUX, METPOJIOTUYECKUX ¢ HH(POPMAIMOHHBIX MOJeNe Kak o00beKTa
YIpaBJIEHUs, TaK U CUCTEM YIPABIICHUS, a TakKe WH(OPMALIMOHHBIX MOJIENIEN CBSI3U 00BEKTa C €ro
CHUCTEMaMH YIIPaBICHUSA.



Pemenue 3ama4 onTUMaIbHOTO YHPaBICHUS] OE30MACHOCTHIO MO KPUTEPUSIM TEXHHUUECKOU U
HKOHOMUYECKON AI(PGEKTUBHOCTH CBA3aHO C pa3pabOTKON HAYKOEMKHUX KOMIBIOTEPHBIX
TEXHOJIOTHH, TPEOYIONTNX B3aUMOJICHCTBUS CIICIIHATIMCTOB PA3HOTO PO HA CHCTEMHOW OCHOBE
[10,19]. Ilpudem »SKCHEpTHBIH aHANMM3 C KCIOJIB30BAHUEM HJIEH METOoJa COOBITHH SBIISICTCS
HUCXOJIHBIM U1 TOCJIEYIOIIErO0 TOCTPOEHUS MaTEeMaTUYeCKUX MOJENed  ONTHUMAaIbHOTO
yYIpaBIEHUS.
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S . P RAPBRCPDPE
Py ¥ o RuPgRCPRg
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% P RAPBRCPDPE
_ Ry £ R,PsRcRpRg
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S . P RAPBPCPDPE
Py ¥ p RuRgPcPiRg
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- P RARgR ¢PpPg
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Rp r RARBRcRpPg
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Puc. la
A | B | ¢ [ D | E |
—_—
- Pg R,PgPcPpPe =Ry
——— Pp - RAPgPcPpRe = RARg
Pc
—
l(D . P RAPBP(;RDPE ﬂRARD
] Y RWPPRyRe~RRpR;
Py Pp Rg -
RC RAPBRcPD ~ RARC
Ry o Rp » RuPsRcRp~R\RcRp
RB — RARB
Puc. 16

Puc.1 [lepeBo coObITHii 11 KpYITHON aBapUH € OTEPEH TEMIOHOCUTEIIS:

Puc.1a — monHbIif BapuaHT; puc. 16 — ynpomieHHsii Bapuant (R = 1-P)



PK P31
= O—»0O
PUB
Pc

P>, =Px/ (1 - PgPcPpRg), Rg=1- P

Puc. 2a
P31>> PK npu PBPCPD>> PK

P> P,
U = O—»0
Py
Py, = P31/ (1 - PgRyy), R51=1- Py

Puc. 20
Py,>> Py nipu Pp>> Py,

Puc. 2. CtpykTypHblii nHGOpMaHOHHBINA rpad nepsBoro (puc.2a)
U BTOPOTo0 (puc.20) 31IeJIOHOB 3alUThI
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